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COMPLETE SPECITICATIOlf 

Improvements in Means for Damping Vibrations of Aircraft Fixed 

Wings* or Sup^rtii«^ " 

Pivotal Movement 

I; Atotjste Iioms MliiB Ai^iirE< 
Bout, of French nationality,, of 42, rue: 
de Dantzig, Paris (Seine), France, do 
hereby declare the nature of this inven- 
5 tion and in vhat manner the- same is to be 
performed, to be particularly described, 
and ascertained in and by the following 

statement: — = 
This invention relates to means tor 
10 damping the vibrations of aircraft fixed 

wings or supporting surfaces having a 

limited pivotal movement. . . ■ 

It is already known to use reciprocable 

inertia means for damping vibrations of 
15 rotating wings. # ■ . 

The object of the present invention is 

the particular application of such means 

and to permit those means to respond 

better than hitherto to the various 
20 requirements of practice and in particular 

to oe simpler and more effective. ''' 
The fixed wing or supporting surface 

of aircraft according to the present inven- 
tion is characterised by the feature that 
25 it comprises at least one vibration damp- 
ing; svstem arranged in such a way as to 

des^oy r ^ energy tending _ to 

maintain the said vibrations, the assembly 

bein^ slich ^ °* 
80 the vibratory energy • \ . - 

The invention in particular makes use 

of reciprocahle inertia masses of which 

the intrinsic frequency is preferably as 

near as possible to that of the said .parts, 
35 and which are capable of doing sufficient 

work to destroy the vibratory energy at 

each pulsation and thus prevent it from 

accumulating. . 

The invention is illustrated by way of 
40 exanvple in the accompanying drawings, 

in which : — 
[Price 1/-] 



Figure -1 shows in partial (Ha^am- 
matic elevation a beam of an aircraft 
wing fixed or built in at one end- and 
provided with a device for damping the 
oscillations , , this unit being constructed 
in accordance with the invention, ' • . ^ 

Figure 2 shows in section a damping 
device, designed in ac^rdance with one 
form of construction of the invention : 

Figures 3 and . 4 show; in' partial 
elevation and in partial plan respectively, 
a similar device designed : according to 
another form of construction of the 
invention; 

Figure 5 shows in elevation^ with; parts 
in section, a damping device according to 
the invention, \ this device being -shown 
mounted uponj an aeroplane wing ;> + 

Figure 6 shows the means for securing 
in position the damping device- of Fig. 5. 

Figures 7 and , 8 show", in sectional 
elevation and in partial plan respectively, 
an aileron provided with a device accord- 
ing to the invention; 

Figure 9 shows curves by means of 
which the location of the damping devices 
in question can- be obtained* 

The vibrations of the constituent parts 
of an aircraft wing are generally 
occasioned by repeated impulses* giving 
at each pulsation a very small quantity of 
energy ; but these quantities are. added to 
one another, and finish in f avour of the 
resonance of the resilient system which 
each of the said parts constitutes, by 
representing a considerable sum of 
energy. # ■ 

The energy accumulated in a vibratory 
movement oecomes in a sense potential 
energy, subjecting the parts to very 
powerful forces. 
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The invention starts from this principle, 
that the cause of all vibratory movement 
is generally a very ..small quantity of 
energy? and it proposes, in order to 
5 obviate" the. accumulation of this vibratory 
energy, to provide means which are' 
capable of absorbing at each pulsation 
the small quantity of energy brought into 
play and dissipating it in electrical, 
10 mechanical, or other form. 

To this end, the said means may for 
; example be essentially constituted, for 
V each part, to be damped, by at least one 
reciprocable inertia mass preferably 
15 arranged in proximity to a crest * or 
antinode of oscillation, and such that its 
mass is capable of doing the desired 
amount of . work^ the intrinsic fceqiiency- 
of such a system being preferably as near 
20 as possible to that of tiae said part, though 
appreciably results can be bbrtained fdr 
rather different freo^encies;; 

It should be understood that the charac- 
teristics of the said reciprocable- inertia 
25 mass;, may be chosen in any suitable way 
in order to obtain .the desired frequency 
provided that these various characteristics 
enable this to be attained with as small 
a * volume as possible. „ • 

"SO The antagonistic force may be exerted 
by any resilient means, for instance by 
. helical springs 1 (Figures 1 to 3), or other 
springs; acting on opposite sides of a 
. mass ^, substantially constituting the 
85 reciprocable inertia means and being 
suitably guided, the said springs being 
either compression or tension springs. • 

In certain ..cases one might content 
oneself with a reciprocable system com- 
40 prising "exclusively the said mass and the 
said, resilient means. But it will generally 
be necessary to combine therewith damp- 
ing means so arranged as to act, either by 
mechanical friction or by forcing a liquid 
45 or- a gas .through throttled orifices or by 
ma^ne tic action/ electro-dynamic or like 
action, or in some .other way. For 
example -a jcore moving in the same way 
as tha- pistons 2 of Figures 2 and 3 may. 
50 generate ^oncautt current or currents in 

a coil and eventuallv develop heat. 
- - - Such 'ijT system wjlII generally possess, 
r on account ol its damping, a much greater - 
margin: of resonance .than an undamped 
' 55 system, .and will always , be capable , of 
constituting "a *. damper . of vibrations, 
. - owing to -flie lag with which the 
reciprocable inertia mass follows the dis- 
. placements of- its support, to which it. is 
£0 connected by the resilient means. 

. . A device according to the invention will 
be. constructed by proceeding for example 
jELCcdT'diirg ta one. of the. -following modes 
of realisation: — 
65 According' to one of these embodiments 



(Figures 3 and 4), the mass 2 for example, 
or members . integral with or; rigidly 
secured to the latter, axe ^cauBed td^rab 
upon suitable guides, in euch?a manner as 
to occasion damping by friction; To this 
end the said mass is for exampleucarried 
by two jaws 3, capable of coining vinto 
frictional contact^ through tk medium, 
it may be, of suitable packings -4, with 
guides 5, integral with or rigidly secured 
to the part (a beam or wing, for example) 
of which it is desired to damp the 
oscillations. 

The frictional surfaces will preferably 
be so arranged that the friction remains 
almost constant, for which reason the 
surfaces in question are made for example 
of piaiacuin and steel respectively. 

According to another mode bf realisa- 
tion (Figure 2), the mass 2 consists- of a 
piston duplaceable in a cylinder 7, carried 
by the part to be braked, and adapted, ul 
moving, to pass liquid or a gas, that is to ' 
say air, through a pipe 8, upon which 
there is at leaBt one throttling member 
for instance a valve 9. \ ~ * 

The liquid- damping will be suitable 
when the frequency oscillations to be 
damped is comparatively low, whereas it 
would be advisable to utilise gaseous 
damping for the higher frequencies. 

The damping may advantageously be 
IiTovided in. such a way as to increase when 
the piston 2 or the like approaches the 
ends of its stroke, for which reason for 
example the said piston closes at this 
moment the orifice through which .the, pipe 
8 opens into the cylinder; . 

F^hermore, in order to obviate blows 
against the ends of the. cylinder, the 
latter (or the piston), may comprise a disc 
of resilient or semi-resilient material; such - * 
as very thick leather. 7 .. . ~ . 

Figures 5 and 6 show a modification of 
construction according . to which the lie 
springs i, in order to diminish the space 
occupied when at rest or in stocky are 
wound in double coils, the extremities* of 
each double coil being fixed to the end of - 
the cylinder 7 "and: to the piston- 2 respect lit 
lively. . . . *7- 

The device as a whole is shown", ..in 
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Figures 5 and 6, fixed to. a wing spar JHh. .: 
by the aid of a bracket .21 and" a tighten- - 
ing collar 22, the said unit being entirely 12C 
arranged inside the wing, although in C er~ - 
tain cases it mkrht be mounted at least 
partially projecting to the outside of the 
vnng, provided it is of suitable, profile. 

Ia order to. obviate any mechanical frier 125 
faon between the mass 2 and the walls of 
- cylinder 7, while maintaining sufiv 
oient fluid-tightness . to compress the *> 
damping fluid, circular grooves 1G <K"g - - 
2) may for instance be provided upon the ISO 
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piston, these grooves constituting expan- 
sion spaces, and thus considerably braking 
the fluid in its flow between piston and 
cylinder walls. 
6 The guiding of the mass 2 will in any 
case be suitably effected in order to 
obviate jamming, the said mass or piston 
comprising for this purpose a skirt for 
example of adequate height: 
10 Of course means may advantageously be 
provided for regulating the characteristics 
of the reciproc able inertia-mass systein, 

farticularly for regulating the elastic 
orce or the damping, force ; in; this latter 
15 case, the said means are provided for ex- 
ample, if it is a question of damping by 
friction, hy tightening the jaws 3,. 'figs. 
3, 4, to a greater or less extent by the aid 
of a screw 11 and against the action of 
20 at least one spring 12; and, if it is a ques- 
tion of fluid damping, by varying the 
cross-section of the throttling ; passage, by 
the aid of valves 9 for instance. ^ 

Finally,' concerning the ^position tq be 
25 adopted for the reciprocable inertia mass 
in question, -the latter will preferably be, 
arranged, as already stated, close to a 
vibration, node. In applying it to an 
aeroplane wing, it will -consequently be 
30 advantageous to arrange it at the free end 
of the said^ wing, (Figure 1), if this latter 
can comprise a beam fixed or built in at 
one. of its extremities at E, • where the 
curve of oscillation/ C presents a node, 
35 while it presents a crest or antinode at its 
opposite endi 

In this way the most dangerous vibra- 
tion, that is to say the fundamental vibra- 
tion, can be suppressed. ; 
40 Nevertheless, it will not of ten he possible 
to arrange the vibration-damping system 
at the end of the wing and in the interior 
of the latter^ on account of the tapered 
form of the win^s and the thinness thereof 
45 at the extremities. ■ 

It will then be advantageous to arrange 
the said system in a plane A (Figure 9) in 
the neighbourhood of the node Ni. of the 
third harmonic C 8 . 
50 Under these conditions, on the one hand 
the second harmonic C* is almost com- 
pletely: sujpressedv , since at A: the ampli- 
tude of this harmonic is already two- 
thirds of the maximum amplitude, and 
55 on the other hand the third harmonic is 
encouraged, which can only have advan- 
tages, since the amplitude of this har- 
monic at the end of the wing is negative, 
and consequently gives an energy of a 
60 sign contrary to that of the fundamental, 
which has the immediate effect of 
straightening the wing at its position of 
rest. 

As a result, what ever may he the form 
65 of construction adopted, such a composite 



unit is obtained that it is possible to 
deaden in considerable proportions the 
oscillations of any part whatever, owing 
to the presence of a reciprocable inertia 
mass system ]■ in accordance with the fore- 70 
going provisions. 

Experiment and calculation show that 
a reciprocable; inertia mass system of this 
type takes up very little space, and the 
stroke of the mass 2 can be/made stiffi- 75 
ciently smalt .to enable the r unit to ibe 
lodged in the .interior of a wing. V ., 

It is thus possible in this application 
to aeroplanes in particular;;, by. the addi- 
tion of very light devices, to suppress en- 80 
tirely the risk of -fracture, of the wings 
owing to resonance vibrations. ; Even-, if . 
the devices in question are not regulated 
to the resonance frequency, very good 
resulta are still obtained. Thus the de- 85 
vice of Figures 3 and 4, or that of . Figures 
5 and 6, in the case in which its intrinsic 
frequency differed by v 25 per ce 
the resonance frequency of its support, 
when placed in a wing for example, would 90 
enable , a damping to be obtained of 81 
per cent, in amplitude, or 90.7 per cent, 
in energy. 

Of course the direction of the displace- 
ments of . the reciprocable mass will be 95 
selected in each particular case as a func- 
tion of the direction of the vibrations to 
be damped. Thus in a wing, a plurality 
of devices might be provided, acting so as 
to damp the various components of the 100 
vibrations. 

It. is also possible to r damp torsional 
vibrations in a similar manner. If for 
example one considers a point of the struc- 
ture not situated on the neutral line about 105 
which torsion is effected and if at this 
point a device is arranged of the kind 
shown in Figures 1 and 2 wherein the 
axis of the cylinder is arranged tan- 
gentially to the curve described by the HO 
. said point upon torsional movement, such 
an arrangement would constitute a device 
for damping torsional vibrations. 

It is also possible to apply the inven- 
tion to ailerons such as 23 (Figures 7 and 115 
8), in which case the damping device^ is 
arranged on the other side of the aileron 
relative to its oscillation axis in such a way 
as to act as a counterpoise. 

The device will in this ease be carried 120 
for example by an arm or arms 25, and an 
aperture 26* may be made in the wing for 
it to pass through. A weight 24 may be 
provided in the case where the weight of 
the device is not sufficient to balance the 125 
weight of the aileron. 

Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner the same is to 
be performed, I declare that what I claim 130 
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is ; — ' ' 

1. An aircraft fixed wing or supporting 
surface of the kind specified characterised 
by the feature that it comprises at least 
5 one vibration damping- system arranged 
in" such a way as to destroy the kinetic" 
energy tending to maintain the said "vibra- 
tions, the assembly being such as to avoid 
the accumulation of the vibratory energy, 

10 2. A vibration damping system for an 
aircraft fixed wing or supporting surface 
as claimed in claim 1, characterised by the 
feature that it comprises at least one mass 
oscillating in opposition to the action of 

15 resilient means and giving rise to fric- 
tional work during its displacements, 

3. A vibration damping, system for an. 
aircraft fixed wing or supporting surface 
as claimed in olahns.1 and 2, characterised 

20 J>y. the feature tbat its" oscillatory period 
is substantially the same as the period 
proper of the wing. 

4. A vibration damping system f or an 
aircraft fixed wing or supporting surface 

25 as claimed in any one of the preceding 
claims, characterised by the feature tbat 
the anti-vibratory device is arranged 
close to the free end of the wing. 

5. ;A vibration damping system for an 
30 aircraft fixed wing or supporting surface 

as claimed in Claims i 1 * to 3, characterised 
by the feature that the said system is 
arranged in a plane adjacent to the node . 
fN^a) of the third harmonic of the vibrat- 
35 ing member. 

6. A vibration damping system for an 
aircraft fixed wing or supporting surface 
as claimed in Claims 1 to 3, characterised 
J>y the feature that a plurality of oscillat- 

40. i&g anti-vibratory devices are arranged at 
different points of the vibrating surface 
ta be damped. 

" 7. A vibration damping system for an' 
.aircraft fixed wing or supporting surface 



as claimed in Claims 1 to 3; characterised* 45 
by the feature that the osciUating to 
vibratory device or devices are carried by 
a spar. '• V,.x^V:;" ; ' 

„ .o, A vibration damping system for an 
aircraft fixed wing or supporting surface '50 
as claimed in Claims 1 to 3, characterised 
by the feature that it comprises a mass, 
sub j ect to the action of springs and form- 
ing a piston in the. interior of a cylinder 
carried by the part of - which the vibra- 55 
tions are to be damped." 

1 9 . A vibration damping system for an 
aircraft fixed wing ot supporting: surface 
as claimed in Claim 8> characterised by 
the feature that the said piston, in mov- 60 
ing, forces a liquid or gaseous, fluid 
through a throttling member} which is 
preferably adjustable in cross sectional 
area. 

J 10. . A vibration damping system for an 65 
aircraft fixed wing or ^ supportiii^ -surface 
as claimed in Claim. 8 or 9, chariacterised " 
by the feature that means are arranged 
in the ends of the cylinder for absorbing . 
any shocks that might occur. 70 . 

Ill A vibration damping system for an . 
aircraft fixed- wing or supporting surface . • 
as claimed in Claim 8, characterised: by 
the feature that the springs are of the 
double spiral type; * . 75 

12 i A vibration damping system for an 
aircraft fixed wingj or -supporting surface 
as claimed in Claim 8, characterised by 
the feature that the piston is provided at > 
its periphery with circular grooves iform- 80 
ing expansion spaces. " * . " 

13. A vibration damping system for an 
aircraft fixed wing or supporting surf ace 
of the kind specified substantially as 
hereinbefore described and illustrated in 85 
the accompanying drawings. 

Dated this 30th day of "December, 1935. 
MARKS & CLERK. 
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